D. Remarks 

The claims are 16 and 17, with claim 16 being the sole independent claim. 
Claims 1-15 have been cancelled. New claims 16 and 17 have been added, based on, 
respectively, original claims 12 and 13. Support for the new claims may be found, inter 
alia , in original claims 12 and 13, in the specification at page 19, lines 3-6, and also in Figs. 
2 and 3. No new matter has been added. Consideration of the new claims is expressly 
requested. 

Applicants submit herewith a substitute specification to correct 
grammatical, typographical and syntax errors and to better conform the text with proper 
idiomatic English. 

As required, Applicants affirm the provisional election of Group I, claims 1- 
6 and 10-15. New claims 16 and 17 are directed to the elected subject matter of Group I. 

The title is objected to by the Examiner. Applicants have amended the title 
in the Substitute Specification and request withdrawal of this objection. 

Claim 15 is objected to by the Examiner. Since claim 15 has been 
cancelled, this objection is moot and should be withdrawn. 

Claims 1-4 and 6 stand rejected under 35 U.S.C. § 102(b) as being allegedly 
anticipated by GB 2 330 360 A (Verrall). Claims 1-5 stand rejected under 35 U.S.C. § 
102(b) as being allegedly anticipated by EP 0 972 818 Al (Ferrand). Claims 1-4 stand 
rejected under 35 U.S.C. § 102(e) as being allegedly anticipated by U.S. Patent No. 
6,491,990 Bl (Parri). Claims 10-15 stand rejected 35 U.S.C. § 103(a) as being allegedly 
obvious from either Verrall or Ferrand in view of U.S. Patent No. 6,565,932 B2 
(Iwamatsu). The grounds of rejection are respectfully traversed. 
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Without acquiescence to the propriety of the rejections, and solely to 
expedite prosecution of the subject application, claims 1-6 and 10-15 have been cancelled 
without prejudice. Accordingly, the above rejections are moot and should be withdrawn. 

Applicants respectfully submit that new claims 16 and 17 are patentable 
over the art of record. The present invention as recited in these claims is related to a liquid 
crystal device in which a pair of substrates is provided, respectively, with electrodes and a 
liquid crystal composition containing at least a polymeric compound and a liquid crystal 
compound, which are arranged between the substrates in a state of phase separation (see 
e.g., Figs. 2 and 3). The polymeric compound has at least two monomer unit structures, 
each being expressed by general formula (2). The liquid crystal compound changes its 
direction of orientation when a voltage is applied between the electrodes and substantially 
maintains the direction of orientation after the voltage is no longer applied, i.e., it has a 
memory property. Since a polymeric compound and a liquid crystal compound are 
arranged between the substrates in a state of phase separation, light can be scattered by 
switching the orientation of the liquid crystal. 

Applicants submit that it would not have been obvious to produce the 
presently claimed device based on the device of Iwamatsu, utilizing the combination of 
liquid crystals disclosed in either Verrall or Ferrand. Iwamatsu discloses a color display 
utilizing a selective reflection state of a chiral nematic liquid crystal composition. The 
liquid crystal composition selectively reflects light of a specific wavelength when it comes 
to a planar state, but becomes transparent when it comes to a focal-conic state (see col. 5, 
lines 26-41). Thus, a display device is achieved by switching the alignment of liquid 



crystal molecules of the composition. The liquid crystal composition shows a memory property. 

Applicants respectfully submit that there is no motivation to combine the 
presently claimed compounds in a device taught by Iwamatsu. There is no disclosure or 
suggestion to motivate one skilled in the art to selected the liquid crystal compound and the 
polymer compound as presently claimed and place them in a state of phase separation 
between the substrates to provide a liquid crystal device, which can scatter light and have a 
memory property. 

The device in Iwamatsu can be switched to either reflect or transmit light. 
As mentioned above, the presently claimed device is capable of scattering light. In order to 
achieve the light-scattering state, the liquid crystal composition must include two separate 
phases having difference refractive indices. As presently claimed, the liquid crystal device 
contains a liquid crystal compound, which is in a separate phase from a polymeric 
compound. Thus, the presently claimed device can transparent or scatter light when the 
orientation of the liquid crystal is changed. 

The liquid crystal device that varies between a transparent state and a light 
scattering state is known as a polymer-dispersed liquid crystal device. However, 
conventional devices of this type do not show a memory property. In the present invention, 
however, a specific polymer is selected to obtain a polymer-dispersed crystal with a 
memory property. 

Since the device in Iwamatsu operates in a reflective/transparent states and 
is not disclosed to scatter light, there is no motivation to use a phase separation system to 
scatter light. The two states in Iwamatsu can be attained using the liquid crystal alignment 



already disclosed. In addition, in Iwamatsu, there is no need or motivation to add a 
polymer liquid crystal, because the liquid crystal alignment per se has a memory property. 
' Accordingly, it is clear that there is no disclosure or suggestion to combine the presently 
claimed polymeric compound and the liquid crystal to form the present inventive device. 

In conclusion, Applicants respectfully submit that the cited references, 
whether considered separately or in any combination, do not disclose or suggest the 
combination of elements presently claimed. Wherefore, Applicants respectfully request 
that the outstanding objections and rejections be withdrawn and that the present case be 
passed to issue. 

Applicants' undersigned attorney may be reached in our New York office by 
telephone at (212) 218-2100. All correspondence should continue to be directed to our 
address given below. 

Respectfully submitted, 

Xtt0mey for Applicants 

Registration No. <tff r &2- 

FITZPATRICK, CELLA, HARPER & SCINTO 
30 Rockefeller Plaza 
New York, New York 10112-3801 
Facsimile: (212)218-2200 

NY_MAIN432715v1 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to novel chemical compounds 

and polymeric compounds formed from any of the 

compounds . The present invention also relates to ink 

realized by using such a polymeric compound and a 

liquid crystal device having a sandwich structure that 
A/ 

holds* polymer dispersion liquid crystal made of such a 
polymeric compound andyj liquid crystal. 
Related Background Art 

It is wel^)tnown that vory many chemical compounds 
have in a molecule both a hydrophobic group and a 
hydrophilic group, which tend to form a micellar 
structure. Many of such compounds can be made to show 
fascinating properties when they are provided with a 
molecular skeleton having an aromatic ring therein. 
Compounds of this type can be made to have various 
functions within molecules. Thus, particularly when 
forming a composition, a mixture or a solution for a 
specific application by using such a compound, it is 
possible to make the compound show one or more than one 
useful properties* for controlling the interaction of 
molecules of the compound with surrounding molecules or 
particles (of a dye or a pigment for instance) . 
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20 



Remarkable technological developments have been 
achieved by using this technique in a number of 
industrial fields ^including ink-jet recording and 
polymer dispersion liquid crystal^ to name a few. 
5 Known image forming technologies include ink- jet 

recording and electrophotography, of which ink- jet 
recordmg has been ^faking a n important role in the 
field of high quality color imaging. While water 
soluble inks containing one or more than one dye^ as 

10 coloring matter have been used popularly for ink-jet 
recording, the image preserving ability of such inks 
has been questioned in recent years. Efforts are 
therefore being p ai^L - to develop dye inks that are 
highly resistant to weather, light and gas and also 

15 dispersed type ink- jet inks that are prepared by 

dispersing particles of one or more than one pigment^ 
and adapted to stably maintain the dispersed condition 
of pigment particles for a long time period. As for 



dispres^ed type ink- jet inks, selection of highly 
dispersible materials is vital to make them highly 



functional. 

Meanwhile, liquid crystal panels using polymer 
dispersion liquid crysta^)have been developed. FIG. 3 
of the accompanying drawings schematically illustrates 
25 such a known liquid crystal panel. Referring to FIG. 

3, the liquid crystal panel that is generally denoted 
by P 2 comprises a pair of glass substrates la, lb 
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arranged vis-a-vis with a predetermined gap separating 

them and provided with respective electrodes 3a, 3b. 

fa polymer dispersion liquid crystal prepared by 
Ci/ 

dispersing^liquid crystal in a polymeric material is 
held between the glass substrates la, lb. The liquid 
crystal panel is adapted to display an image by 
applying a voltage between the electrodes 3a, 3b. The 
performance of the device is significantly influenced 
by the dicporo - c system between the polymer that is the 
host material and the liquid crystal that is the guest 
material . 



However, krrpwn compounds, particularly polymeric 

compounds, J$*kb are used for any of the applications 

listed above, show ^poor dispersion and J^poor , 

15 solubility when mixed with some other material a 

great disadvantage o£ performance thereof . For 

example, in the case of inks to be used for. ink-iet 

A 

i/K OA*/ 

printer, known compounds are poorly soluble fee* aqueous 
solvent and. poorly dispersive when used with dyes. On 

A A/ 

20 the other hand, in the case of^ polymer dispersion 
liquid crystal, known polymeric compounds are also 
poorly dispersive when used with^ liquid crystal to 
possibly cause uneven brightness or contrast and can 
causeyjlong response time at the change of drive 

25 conditions. Additionally, if the polymeric compound 
and the low molecular weight liquid crystal compound 
are in a state of insufficient phase separation or not 
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a/ 

in a state bf^ clear phase separation, a switching 

operation is very indiscriminable and/or the device 

needs a thermal treatment when it has to be reset to 

M 

the initial state particularly . These and other 
5 problems make such polymeric compounds very 
disadvantageous in practical applications. 



SUMMARY OF THE INVENTION 

In view of the abov^^dentif led circumstances, it 

10 is therefore the object of the present invention to 

provide novel compounds , or novel polymeric compounds , 

that are highly dispersive when used with a liquid 

crystal material for forming. polymer dispersion liquid 

(1/ A 

crystal or witl^ dye oj^pigment for forming an ink 

15 composition. 

According to the invention, the above object is 
achieved by providing compounds expressed by general 
formula (1) below and having a hydrophilic part and a 
hydrophobic part in the molecule and a molecular 

20 skeleton similar to that of an ordinary liquid crystal 
molecule^ j 

A-B-D-(E-G) e -( J) d -K-L (1) , 

where A represents an acrylic group or a methacrylic 
group, B represents a single bond or an alkyl group, D 
25 represents -O- , -COO- or -OCO- , E represents an 

aromatic ring or an aliphatic ring that may or may not 
be substituted and may be identical with or different 
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from each other when e is not smaller than 2, G 
represents a single bond, -0- , -COO-, -OCO- , -CH=CH- or 
^C=C- that may be identical or different when e is not 
smaller than 2, J represents an aromatic ring or an 
5 aliphatic ring that may or may not be substituted and 

may be identical with or different from each other when 
j is not smaller than 2, K represents a single bond, - 
O-, -COO- or -OCO- , L represents an alkyl group or a 
poly^oxyalkylene group having a substituted OH or COOH 

10 at an end or a side chain, e represents an integer 

between 0 and 5 and j represents an integer between 0 
and 5 , e + j being not smaller than 2 . 

In another aspect of the invention, there are 
provided polymeric compounds having two or more than 

15 two monomer unit structures, each being expressed by 
general formula (2) blow^* 

A'-B-D-CE-G^-tJjj-K-L (2), 
where A 1 represents a monomer unit of polyacryl or 
polymethacryl) . 

20 In still another aspect of the invention, there is 

provided an image forming material containing at least 
a compound or polymeric compound as mentioned above . 
If desired, such an image forming material may contain CC^ 
dye or pigment. 

A 

25 In still another aspect of the invention, there is 

provided a method of using such an image forming 
material and adapted to form an image by ejecting the 



image forming material from an image forming material 
nozzle of an ink- jet system and applying it to an image 
forming medium for forming an image thereon. 

In a further aspect of the invention, there is 
provided a liquid crystal device comprising a pair of 
substrates provided respectively with electrodes and a 
liquid crystal composition containing at least such a 
polymeric compound and arranged between &er±d* 
substrates. 

Since compounds according to the invention have a 
hydroxy group at an end of the molecule, they dissolve 
well into water. Additionally, they have an aromatic 
group and potentially show a^ liquid crystal property. 
Therefore, they are highly dispersive in a liquid 
crystal material. 

When a compound according to the invention is used 
in ink- jet printer ink, an image forming material is 
provided by adding, dye or .pigment to «-airl compound. 

A A 

A polymer dispersion liquid crystal device that is 
free from uneven brightness and contrast and highly 
energy saving is provided by using a compound according 
to the invention . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A, IB and 1C schematically illustrate the 
head of the ink- jet printer of an image forming 
apparatus for which an image forming material according 



to the invention can advantageously be used, FIG. 1A 
being a schematic cros^iectional view taken along the 
inl^Lhooting direction, FIG. IB being a schematic cross- 
sectional view of a part of the heater of the head, 
FIG. 1C being a schematic perspective view of the head. 

FIG. 2 is a schematic cros^ectional view of an 
embodiment of- polymer dispersion liquid crystal device 

A 

according to the invention, illustrating its structure. 

FIG. 3 is a schematic cros/^ectional view of 
another embodiment of^polymer dispersion liquid crystal 
device according to the invention , illustrating its 
structure . 



DESCRIPTION FO THE PREFERRED EMBODIMENTS 

Some specific examples of compounds having a 
structure expressed by the general formula (1) above 
are listed belov^p 
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CH2=C(R)COO(CH2)ne-^ ^~ C ° 2< \ ^ — °( CH 2)™ OH 



CH2=C(R)COO(CH2)ne— ^ ^~ C °^ ^)°( CH 2)" 



OH 



CH2=C(R)COO(CH2)nG— <^ ^> — CO^ y-Q(CH 2 )mOH 





CH2=C(R)COO(CH2)r.e^ /) C ° 2 \ // — ( OCH 2 CH 2>" OH 
CH2=C(R)COO(CH2)ne— ^ ^CO^ ^"(^ ^" ( ° C H2 ° H2)m ° H 
CH2=C(R)CO0(CH2)n6— ^ ^ — C ° 2 ~{j\ ^(OCH 2 CH 2 )mOH 



CH2=C(R)COO(CH2)ne-H^^ ^-^ ^— CO^ ^-Q(CH 2 )mOH 



CH2=C(R)COO(CH2)nO— 4 ^-^ ^— CO^ ^-0(CH 2 )mOH 
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where R represents a hydrogen atom or a methyl group, n 
represents an integer between 1 and 20, m represents an 
integer between 1 and 20 and P represents an integer 
between 1 and 5 . 
5 Compounds according to the invention are 

characterized by having a chemical structure expressed 
by the general formula (1) shown above. Structurally^ 
r , hararteri cticc of - compounds expressed by the general 
. formula (1) include ^thaj ^the molecule ^has both a 

10 hydrophilic part and a hydrophobic part along with a 

site having an aromatic ring somewhere in the middle y wk< 
£hat » givej the compound* strong affinity with coloring 
materials^ such as^dye ahd^j pigment. The inventors of 
the present invention presume that an image forming 

15 material according to the invention shows an excellent 
dispersion property^ because of both of the 
hydrophilicity and the hydrophobicity and the affinity 
wStrfch coloring materials of dye$ and pigments. 

If a compound according to the invention has an 

20 acrylic group or a methacrylic group within the 

hydrophobic group of the molecule, a polymer can be 
formed from the compound by causing such groups to 
react for polymerization. Such polymerization can be 
made to take place in the course of manufacturing an 

25 image forming material or a polymer dispersion liquid 

crystal device according to the invention. For 

example, the compound may be mixed with pigment, water 

4 
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and one or more than one additive^to produce a welJ& 

dispersed state for the compound and subsequently 

subjected to a polymerizing process typically using 

ultraviolet rays to stabilize the wel^ispersed state. 

It is known that ordinary dispersants .such as 

• / 
I 

surf actants j can easily lose their dispers^fbility by an 
external excitation . such as heat, acid or base. On the 

OM/ 

other hand, in various steps ofy| image forming process 
including transfer of ink, printing or development, 
transfer and fixation where ink is exposed to different 
environments, ink is required to pass through those 
steps without losing its chemical stability. From this 
point of view, an ink material formed by using a 
polymeric compound according to the invention can 
highly suitabl^ use^ with various image forming 
methods. Therefore, compounds according to the 
invention can provide very useful image forming 
materials . 

Now, the head of an ink- jet printer that can be 
used with ink according to the invention will be 
briefly described below. FIGS. 1A through 1C 
schematically illustrate the head of such an ink- jet 
printer. FIG. 1A is a schematic crq^^fectional view 
taken along the ink ejecting direction and FIG. IB is a 
schematic cro^^ectional view of a part of the heater 
of the head, while FIG. 1C is a schematic perspective 
view of the head. It will be appreciated that the head 
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ls a bubble jet type ink- jet head using an 
electrothermal converter energy generating element , 
although a piezo Jet type ink-jet head using a 
piezoelectric element may alternatively and 
5 advantageously be used for the purpose of the 
invention. 

Referring to FIGS. 1A through 1C, there are shown x 
a substrate 10, a groove 14 operating as^ink flow path, 
a heater 15, a protection film 16, a pair of aluminum 

10 electrodes 17a^l7b, a resistance heating layer 18, a 
heat accumulator layer 19, another subistrate 20, ink 
21, an orifice 22, a meniscus 23, an ink droplet 24 and 
a recording medium 25. 

The ink- jet head of FIGS. 1A through 1C is formed 

15 by bonding the substrate 10 that has the groove 14 as"^ 
ink flow path and is typically made of glass, ceramic 
or plastic and the heater 15 to be used for 
thermographic recording. The heater 15 is formed by 
assembling the protection layer 16 that is typically 

20 made^f silicon oxide, the pair of aluminum electrodes 
lla^ 17b, the resistance heating layer 18 that is 
typically made of nickel -chromium, the heat accumulator 
layer 19 and the substrate 20 that is typically made of 
alumina and adapted to emit heat efficiently. 

25 Normally, ink is made to get to the ejection orifice 
(micro -aperture) 22 and produce a meniscus 23 there 
under pressure. As an electric signal is applied to 
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the electrodes 17a^l7b, the region of the heater 15 
indicated by n fiercely generates heat so that the ink 
21 held at the heater 15 generates air bubbles. Then, 
the meniscus 23 is forced to move forward due to the 
pressure applied by the generated air bubbles so that 
eventually an ink droplet 24 is ejected and driven to 
fly toward the recording medium 2 5 y fene rt: may be a sheet 
of paper. Normally, the ink- jet head is formed by 
arranging a number of heads , each having a 



a number or ne< 



configuration same as the one described above , in a 
manner as shown in FIG. 1C. 

An ink- jet printer normally comprises an ink- jet 
head as described above, an ink tank, a paper feeding 
system and a printing signal processing circuity among 
others . 

Now, a polymeric compound having two or more than 
two monomer unit structures, each being expressed by 
the general formula (2) above, will be described. 

An image forming material according to the 
invention may contain one or more than one polymeric 
compound^; according to the invention along witlx* pigment 
orjkdye. The compound or compounds may be dispersed 

n ~ (Mfc 

either in water or^ solvent, although an image forming 
material obtained by dispersing one or more than one 
polymeric compound/^ according to the invention in water 
can suitably be used for ink- jet recording. Of 
polymeric compounds having a chemical structure 
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expressed by the general formula (2), those having a 
polyoxyethylene structure £&a4: makes the image forming 
material suitabl^hydrophilic j can^ particularly 
advantageous*^ used with^ckjueous solvent, 

A 

The inventors of the present invention presume 
that , when a polymeric compound according to the 
invention is dispersed in water, it forms a micelle 
type structure to make it highly dispersible so that it 
is dispersed stably. On the other hand, when it is 
dispersed in^^olvent, the inventors believe that it 
forms an inverted micelle structure to make it highly 
dispersible so that it is dispersed stably. In either 
case, additives such as a sub- solvent, an antioxidant, 
one or more than one surfactant^one or more than one 
polymer^ and/or ultraviolet rayi^absorbing agents may 
be used with a polymeric compound according to the 
invention . 

Specific examples of structures having two or more 
than two monomer unit structures, each being expressed 
by the general formula (2) above, include the 
following^) 
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CH 2 
(R)CCOO(CH2)n 




\ /" C ° 2 \ >— 0(CH 2 )mOH 



H 2 C 

(R)^COO(CH2)nO ^ / /" C °\ /~t\ ^~°( CH 2)"°H 




CH 2 



/ 



(R)CCOO(CH2)nO- 




>-0(CH2) m 0H 



CH 2 



( R)^CO O(CH2)nO— ^ // C ° 2 \ /~ 



(OCH 2 CH 2 ) m OH 



CH 2 

/ 

(R)CCOO(CH2)n 




\ / CQ2 \ /~t\ /7< OCH 2 CH 2)" lOH 



CH; 



/ 



( R)(^CO O(CH2)nO \ /~\ / — CQ2 ~y\ y^-(OCH 2 CH 2 )mOH 



CH 2 

/ 

(R)CC OO(CH2)n 

CH2~ 
/ 

(R)CCOO(CH2)n 





-co 




0(CH 2 )mOH 
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where R represents a hydrogen atom or a methyl group, n 
represents an integer between 1 and 20, m represents an 
integer between 1 and 20 and P represents an integer 
between 1 and 5 . 

While a polymeric compound having two or more than 
two monomer unit structures, each being expressed by 
the general formula (2) above, is used for the purpose 
of the invention, it is also possible to use a so- 
called copolymeric compound additionally having one or 
more than one monomer unit structure j^t? hat arc fafbtidl /$ 
different from those of the formula (2). Anyhow , f*rom 
the viewpoint of the effects and the advantages of the 
present invention, a polymeric compound according to 
the invention contains two or more than two monomer 
unit structures, each being expressed by the general 
formula (2) above, by about 20mol% or more. 

An image forming material according to the 
invention is characterized by using a compound or 
polymeric compound having a structure expressed by the 
general formula (1) or (2). Structural characteristics 
of such a compound include that J bho molecule has both a 
hydrophilic part and a hydrophobic part along with a 
site having an aromatic ring somewhere in the middle* (A/ft 
that makej the compound showy^strong affinity wi-Ua^f^ 
coloring materials such as^&ye and^pigment . From the 
viewpoint of providing suitable hydrophilicity , a 
compound having a polyoxyethylene structure can 
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suitably be used with^ aqueous solvent. 

The inventors of the present invention believe 
that an image forming material and a polymer dispersion 
liquid crystal device according to the invention show 
5 an excellent dispersion property, because of both o f LlilT 
hydrophilicity and hydrophobic! ty^a**a the affinity 

for coloring materials of £lye$ and .pigments . 

While a polymeric compound having two or more than 
two monomer unit structures, each being expressed by 

10 the general formula (2) above, may be obtained by 
polymerizing any of the aboy^^escribed compounds 
adapted to polymerization, it may alternatively be 
prepared by mixing a monomer according to the invention 
withyjpigment , water and one or more that one additive^ 

15 to produce a wel^J&ispersed state for the compound and 
subsequently subjected. to a polymerizing process, 
typically using ultraviolet rays as described earlier. 

It is known that ordinary dispersants f such as 
surf actants can easily lose their dispers^fbility by an 

20 external excitation such as heat, acid or base. On the 
other hand, in various steps ofyp-mage forming process 
including transfer of ink, printing or development, 
transfer and fixation where ink is exposed to different 
environments, ink is required to pass through those 

25 steps without losing its chemical stability and 
dispersibility . From this point of view, an ink 
material formed by using a polymeric compound according 
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to the invention can^highly suitably re use^ with 
various image forming methods^ including regular 
printing, ink- jet recording and electrophotography. 
Therefore, compounds according to the invention can 
5 provide very useful image forming materials. 

Now, an embodiment of polymer dispersion liquid 
crystal device according to the invention will be 
described by referring to FIGS. 2 and 3. 

0/ 

Referring to FIG. 2, the embodiment of^liquid 
10 crystal device according to the invention and denoted 
generally by reference symbol P x comprises a pair of 
substrates la^ lb disposed with a predetermined gap 
separating them, polymer dispersion liquid crystal 2 

a/i/Ur 

arranged between the paired substrates la^ lb and a 
15 pair of electrodes 3a^ 3b arranged to sandwich the 
polymer dispersion liquid crystal between them. 

Novel compounds invented and synthetically 
prepared by the inventors of the present invention are 
characterized by having a polyoxyalkyl chain and OH or 
20 COOH at p. end or^a side chain. A polymeric compound 
having two or more than two monomer unit structures, 
each being expressed by the general formula (2) above, 
may be a homopolymer having only such unit structures 
or a so-called copolymeric compound additionally having 
25 one or more than one monomer unit structures 



l 

different from those of the formula (2). There is no 

Oh/ ^ 

specific limit fee- the£number of (gepetitioiiy of the 
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formula (2). Therefore, a polymeric compound according 
to the invention may have any desired number of monomer 
unit structures . If a polymer is defined as oubh that 
normally -fees' ten thousands or more monomer unit 
5 structures, a novel compound according to the invention 
may be a dimer, trimer or oligomer having less than ten 
thousands monomer unit structures. 

Meanwhile, of novel compounds according to the 
invention, some have properties like those of^liquid 

10 crystal, while systems obtained by mixing one or n l^ e 
than one compound^ according to the invention do 
not have properties like those of^j'liquid crystal^ with 
other compound(s) may show properties like those of 
liquid crystal. A compound that does not have a liquid 

15 crystal phase by itself ^but can be made to show 

properties like those of^ liquid crystal when mixed with 
a liquid crystal material^ will be referred to as Ou 
potential liquid crystal type compound or potential 
liquid crystal type polymeric compound hereinafter. 

20 The other compound(s) as cited above may be selected 
from novel compounds according to the invention^ or 
alternatively, from known liquid crystal compounds^ such 
as low molecular weight liquid crystal compounds, which 
will be described hereinafter. 

25 The polymer dispersion liquid crystal 2 of this 

embodiment is obtained by dispersing a known low 
molecular weight liquid crystal composition into a 



} 
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potential liquid crystal type polymeric compound^ fefea* 
is a novel polymeric compound according to the 
invention. The polymer dispersion liquid crystal 2 
comprises a potential liquid crystal type polymeric 
5 compound (matrix polymer) 2a and a low molecular weight 
liquid crystal composition 2b arranged in a state of 
phase separation. The potential liquid crystal type 
polymeric compound 2a is -ee arranged ae-to form a 
network (polymer network type) or ae-to be dispersed 

10 (polymer dispersion type). The low molecular weight 

liquid crystal composition 2b is a liquid crystal 
material having a switching property t-ha L respond/'^o 
the voltage applied to it by way of the paired 
electrodes 3a-* 3b . 

15 While the potential liquid crystal type polymeric 

compound 2a of this embodiment refers to a polymeric 
material j tlictt can potentially operate as^jliquid 
crystal, it is effective for the purpose of the present 
invention to use a potential liquid crystal type 

20 polymeric compound whose monomer unit structures 

contain an OH group or a COOH group in order to make 
the low molecular weight liquid crystal composition 2b 
show a memory property. 

As for the mixing ratio of the potential liquid 

25 crystal type polymeric compound 2a and the low 

molecular weight liquid crystal composition 2b, the 
content of the potential liquid crystal type polymeric 
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compound 2a is between lwt% and 9 9wt%, preferably 
between 2wt% and 90wt%, more preferably between 5wt% 
and 70wt% from the viewpoint of the necessity of 
allowing the two components to show respective physical 
properties. On the other hand, the content ratio of 
the low molecular weight liquid crystal composition 2b 
is between lwt% and 99wt%, preferably between 10wt% and 
98wt%, more preferably between 30wt% and 95wt%. 

The potential liquid crystal type polymeric 
compound contains monomer unit structures having an OH 
group or a COOH group preferably by more than 30wt%, 
more preferably by more than 50wt%. These values are 
related to the memory property of a polymer dispersion 
liquid crystal according to the invention. When a 
potential liquid crystal type polymeric compound and a 
low molecular weight liquid crystal material are mixed 
with each other, molecules of the low molecular weight 
liquid crystal are oriented in the direction of 
orientation ofyj molecules of the polymeric compound in 
an initial state j because of the van der Waals force 
between the molecules of the two substances along their 
interfaces. Normally, when an electric field is 
applied to the mixture to cause the low molecular 
weight liquid crystal to be switched to change the 
orientation, the initial orientation is restored 
immediately after removing the electric fieldj because 
this interaction of the two substances is highly 
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dominant if compared with any other interactions that 
may be involved. According to the invention, a 
structure that can make a new interaction other than 
the van der Waals force effective among liquid crystal 
5 molecules is introduced to make the low molecular 

weight liquid crystal composition 2b show the memory 
property after switching off the electric field. Thus, 
the memory property obtained by the present invention 
may be attributable to **rzct a new state of orientation^ 

10 is made dominant by the interaction of the low 

molecular weight liquid crystal and the aggregation 
structure formed collectively by OH groups or COOH 
groups relative to the state of orientation caused by 
the van der Waals force among ordinary molecules of the 

15 liquid crystal. The inventors of the present invention 
believe that this effect is obtained by the interaction 
of the aggregation structure formed collectively by OH 
groups or COOH groups and the low molecular weight 
liquid crystal caused by their polarities or hydrogen 

20 bonds. Therefore, it is important to make the 

potential liquid crystal type polymeric compound to 
contain OH groups or COOH groups to an extent 
sufficient <£e*r makiijg the interaction effective^ and the 
abov^^cited content ratio ensures such an effect. 

25 Since the above interaction takes place along the 

interfaces of the two substances, it is not desirable 
to make the relative volume of the interfaces too 
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small. More specifically, the average diameter of the 
domains of the low molecular weight liquid crystal is 
preferably not greater than 50pm, more preferably not 
greater than 20pm. 

The abov^Jfre scribed polymer dispersion liquid 
crystal 2 can be prepared by injecting a mixture 
solution obtained by mixing a liquid crystal type 
monomer, rod-shaped liquid crystal and a polymerization 
initiator into the gap between the substrates and 
subsequently irradiating the solution with ultraviolet 
rays. Now, the polymer dispersion liquid crystal 2 
will be described further in terms of using a potential 
liquid crystal type compound andjrod- shaped liquid 
crystal for the low molecular weight liquid crystal 
material . 

^od- shaped liquid crystal to be used for the 

OS 

purpose of the invention is*thermotropic liquid crystal* 

v. OS A £s ? 

such as.nematic liquid crystal , Tcholesteric liquid 

crystal ^smectic liquid crystal and/or^chiral smectic 

liquid crystal. Preferably, a mixture of two or more 

than two rod-shaped liquid crystal materials is used 

for the purpose of expanding the liquid crystal 

temperature range and optimizing various physical 

properties thereof . ^ /two -frequency drive type liquid 

crystal may preferably be used. ffwo-f requency drive 

15 0/ 

type liquid crystal roforo to^ liquid crystal whose 
dielectric anisotropy shows different signs depending 
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on the frequency of the electric field applied to it. 




liquid crystal may be oriented in a direction parallel 
to the direction of the applied electric field if the 
5 electric field has a low frequency and in a direction 
perpendicular to the direction of the applied electric 
field if the electric field has a frequency higher than 
the relaxation frequency of the dielectric anisotropy. 



Examples of compounds and compositions of JTtwo- frequency 



purpose of the present invention include a low 
molecular weight liquid crystal substance selected from 
2 , 3-dicyano-4-pentyloxyphenyl-4- ( trans- 4- 
ethylcyclohexyl)benzoate , • 2 , 3 -dicyano- 4- 



cyclohexanecarboxylate , 2,3- dicyano - 4 - ethoxyphenyl - 4 - 
( trans - 4 -pentylcyclohexyl ) benzoate , 2,3- dicyano- 4 - 
ethoxyphenyl- 4- (trans- 4 - butylcyclohexyl ) benzoate , 2,3- 
dicyano - 4 - butoxyphenyl - 4 - ( trans - 4 - 





10 drive type liquid crystal 



can be used for the 



15 



pen tyloxyphenyl - trans - 4 - propyl - 1 - 



20 




A 



liquid crystal device according to the invention can 



memorize the original state by applying a high 



frequency electric signal after switching to a memory 



25 



state by means of a low frequency electric signal when OS 



two-frequency drive type liquid crystal is used. 



A potential liquid crystal type compound other 
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than those listed above may be added to form a mixture . 

One or more than one coloring material^ and an 

antioxidant may also be added. 

Examples of potential liquid crystal type monomers 

that can be used for the purpose of the invention 

include potential liquid crystal type compounds having 

a polymerizing group^such as^acrylic group ,yjmethacrylic 

group or^e^poxy group. In order to provide a memory 

property that is indispensable for the present 

invention, potential liquid crystal type monomers 

having an OH group or a COOH group are preferably used. 

Furthermore, cross-linking type multi-functional 

monomers are preferably used in order to accelerate 

phase separation. In other words, the potential liquid 

crystal polymer 2a may contain cross -linking units 

(A/ 

having an OH group. An example ofyj cross -linking 
monomer that can be used for the purpose of the 
invention is expressed by the structural formula below. 



{CH2=CHCOOCH2CH(OH)CH20-^ V^ C (CH3)2 



Meanwhile, a liquid crystal device P x according to 
the invention may be made to have a reverse mode (where 
a scattered state appears when a voltage is applied) . 
A liquid crystal device y having a reverse mode can be 
obtained by in jectingi! liquid crystal between a pair of 
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substrates la^ lb^fc&at have been subjected to a 
uniaxial orienting treatment, thereby turning the 
liquid crystal into^nematic liquid crystal and causing 
photopolymerization to take place under this condition^ 
5 so that both the potential liquid crystal type 

polymeric compound and the low molecular weight liquid 
crystal may be brought into a uniaxially oriented 
state. This operation will be discussed in greater 
detail below. 

10 Uniaxial orientation control films (denoted by 

reference symbols 5a, 5b in FIGS. 2 and 3) can be 
formed by coating the substrates with a film of an 
inorganic compound^such as silicon monoxide, silicon 
dioxide, aluminum oxide, zirconia, magnesium fluoride, 

15 cerium oxide, cerium fluoride, silicon nitride, silicon 

carbide or boron nitride or an organic compound^ such as CC^ 
polyvinyl alcohol , polyimide , . polyimideamide , &s 
polyester ,^polyamide , ^ polyesterimide ,jjpolyparaxylene , f 
polycarbonate, J polyvinyl acetal, polyvinyl chloride,*"" 

20 polystyrene ^polysiloxane , .cellulose resin ^melamine 

&/ a*/ 

resin ^ urea resin or^acryl resin by mecma of " solution 
coating, evaporation or sputtering and subsequently 
rubbing the surface with a fibrous material such as 
velvet, cloth or paper. An oblique evaporation process 
25 of obliquely coating the substrates with an oxide, such 



&4=Q may 



as ~&4rG may also be used for the purpose of the 
invention. 
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Particularly, it is preferable to use a polyimide 
Ay 

rubbing film as^uniaxially orienting layer in order to 

provide an excellent uniaxial orientation. Such a 

polyimide film can be formed normally by applying it in 

5 the form of polyamic acid and subsequently baking it. 

The use of polyamic acid is advantageous for achieving 

a high productivity level ^because it can easily 

fry 

dissolve into various solvents. Recently , A polyimide 
soluble try solvent «r marketed. Suchyj polyimide is 

10 suitable for excellently providing uniaxial orientation 
and achieving a high productivity level. 

While the polymer dispersion liquid crystal 2 may 
be prepared by using a potential liquid crystal type 
monomer asyj starting material as described above, it may 

15 alternatively be prepared by directly mixing a 

polymerized potential liquid crystal polymeric compound 
with^low molecular weight liquid crystal in a separate 
step . 

Referring to FIGS. 2 and 3, reference symbol 4 
20 denotes spacers that may be silica beads, resin beads 
or bulkhead- shaped spacers that are commercially 
available. The gaps separating the spacers are 
preferably between 1.0 and 100]im from the viewpoint of 
optimizing the contrast, although the optimal range and 
25 the upper limit may vary depending on the selected 
liquid crystal material. 

The polymer dispersion liquid crystal 2 may 
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contain an antioxidant, a radical trapping agent , a 
photoreaction suppressing agent, a polymerization 
suppressing agent and/or one or more than one coloring 
materials in addition to the potential liquid crystal 
5 polymer 2a and the low molecular wieight liquid crystal 
composition 2b. Particularly, addition of a polar 
additive to a small ratio can advantageously improve 
the memory property, because COOH groups is apt to give 
rise tOyjdimer association when the potential liquid 

10 crystal polymer 2a contains monomer unit structures 
having a COOH group . 

For the purpose of the invention, the polymer 
dispersion liquid crystal 2 prepared by using the above* 
described manufacturing steps may be subjected to a 

15 heat treatment as*pos1^fc:reatment process in order to 

improve the orientation. The potential liquid crystal 
polymeric compound and/or the liquid crystal 
composition tend to organize themselves to improve the 
orientation when a heat treatment is used. 

20 Commercially available glass or plastic plates 

designed as substrates for liquid crystal devices may 

be used for the substrates la^^b. The electrodes 3a^fcfl 

3b may be transparent electrodes^typically made of ITO 

(indium tin oxide) or reflection electrodes^ typically 

OA*/ 

25 made of metal. The electrodes 3a^ . 3b may be coated 
with respective insulating layers arranged for the 
purpose of preventi/^ &£ electric short circuit***^ 
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and/or respective orientation control films 5a-.5b 
arranged for the purpose of orientati^qj^ the polymer 
dispersion liquid crystal 2. While it is advantageous 
that the orientation control films 5a, 5b are subjected 
to a uniaxial orienting treatment, the upper and lower 
uniaxial orienting treatments may be symmetric or 
asymmetric relative to each other. Additionally, each 
pixel may be provided with a color filter to provide a 
color display capability. 

A liquid crystal device according to the invention 
may be of the transmission type as shown in FIG. 2 or 
of the reflection type as shown in FIG. 3. Reference 
symbol 6 in FIG. 3 denotes a light absorbing plate 
arranged between the lower electrode 3b and the lower 
substrate lb. However, the light absorbing plate may 
be replaced by a light reflecting plate or a light 
scattering plate for the purpose of improving the image 
brightness. It is not necessary to arrange such a 
light absorbing plate at the position illustrated in 
FIG. 3 (between the lower electrode 3b and the lower 
substrate lb). It may alternatively be arranged at the 
rear side (behind) the liquid crystal device P 2 . 

The liquid crystal device may be made to be of the 
active matrix type by arranging an electrode 3a and 3b 
and connecting an active element for each pixel. 
J$5xamples of Synthesis/^ 

Compounds according to the invention can be 
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15 



25 



synthetically produced by a method as described below. 
I t may bo noodlcga to r rn^thnt The compounds used for 
the synthetic methods described below are simply 
examples and the present invention is by no means 
limited thereto. 

1) J^n example of synthesis of a liquid crystal compound 
having , an OH group at an end and a polymerizing group 
at the other end of the molecule 

X '» EtOH, Reflux 7 h // V /„ 
Ueq leq > f 

^<HQJL 0 „ 

— ■ ^C^cnQ^r o 

2) fen example of synthesis of a liquid crystal compound 
having a polyethylene oxide chain at an end and a 
polymerizing terminal at the other end of the molecule 



20 1 ,eq K2CO3 



ElOH, Reflux ' 




Now, the methods for synthetically producing the 
above compounds will be described in greater detail. 
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nthesis of ^mpound (A)^ 

CH 2 =CHCOO(CH 2 )60— <Qk C 00-^>- < 0CH 2 CH 2 )30H 

5 50mmol of 4-benzyloxyphenol, 55mmol of potassium 

carbonate and 55mmol of 2- (2- (2- 

chloroethoxy ) ethoxy ) ethanol were heated and refluxed in 
ethanol for 7 hours . The ethanol was removed by 
distillation and the ingredients that could dissolve 
10 into a mixture solvent of hexane and ethyl acetate were 
subjected to column chromatography to obtain 



1 BzO 




OCH2CH2)30H 



15 at a yield of 48%. 

The obtained compound was debenzylated with 
palladium carbon in methanol under a flow of hydrogen 
gas. The debenzylated product was obtained 
quantitatively. Then, ISmmol of the product and 15mmol 

20 of 



CH2=CHCOO(CH2)60 <( VcOOH 




was agitated with 1 . 2 equivalent of 
25 dicyclohexylcarbodiimide in toluene for 40 hours 
After filtration, the toluene was removed by 
distillation and the remaining ingredients were 
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subjected to column chromatography to obtain the target 
compound at a yield of 28%. 
^ynthesis of impound (B)]f 




CH2=CHCOO(CH2)60— ^(VcOO^ j— (OCH 2 CH2) 5 OH 



The target compound was obtained by using the 
abov^jjlescribed synthesizing method except that 2- (2- 
( 2 - chloroethoxy ) ethoxy ) ethanol was replaced by 2- (2- (2- 
( 2 - ( 2 - chloroethoxy ) ethoxy ) ethoxy ) ethoxy ) ethanol . 
^ynthesis of ^pmpound (C)J^ 




CH 2 =CHC00(CH 2)6 0-^^C00-^>-^ /-(OCH.CH^OH 



The target compound was obtained by using the 
abov^^Lescribed synthesizing method except that 4- 
benzyloxyphenol was replaced by 4- ( 4-benzyloxyphenyl ) - 
phenol . 

Compound (D) having a different alkyl chain length 
was synthetically produced in a similar manner, 
^compound (&)/ 




CH2=CHCOO(CH2)i20— 4>COO-4^ 4 J (OCH 2 CH2)j 2 OH 



Compounds (E) and (F) were synthetically produced 
by using 11 -chloroundecanol . 



^ompound ( E ) ^ 
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CH2=CHCOO(CH 2 ), 2 0-<^^COO-^ ^—0(0^), ,OH 
< compound (F)> 



CH2=CHC00(CH2)60-h^^-C0O-^^-O(CH2). .OH 



The polymeric compounds listed below were also 
prepared by synthesis and some of their physical 
properties were observed. The obtained results are 



sun 
fee 



10 summarized below. 

polymeric Compound (G) Obtained from (A)^ 

5mmol of compound (A) was subjected to a 
polymerizing reaction with azobisisobutylonitrile 
(AIBN), which is a polymerization initiator, in toluene 
15 at 50° C for 20 hours. The obtained polymeric compound 
(G) was isolated by reprecipitation . 

The molecular weight was observed by size 
exclusion chromatography to find that the polystyrene- 
reduced weight average and number average molecular 
20 weights Mw and Mn were equal to 13,500 and 8,800^ 

respectively. As a result of DSC observation, the 
glass transition temperature Tg was found to be 21° C. 
polymeric Compound (H) Obtained from (B)jf' 

Polymeric compound (H) was obtained by subjecting 
ft/ 

25 compound (B) tc^ polymerizing reaction in a manner as 
described above. 

The molecular weight was observed by size 
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exclusion chromatography to find that the polystyrene- 
reduced weight average and number average molecular 
weights Mw and Mn were equal to 12,100 and 7,800 
respectively. As a result of DSC observation, the 
glass transition temperature Tg was found to be 15° C. 
y/olymeric ^jarfnpound (I) Stained from (C)J? 

Polymeric compound (I) was obtained by subjecting 
fa 

compound (C) tOyjpolymerizing reaction in a manner as 
described above. 

The molecular weight was observed by size 
exclusion chromatography to find that the polystyrene- 
reduced weight average and number average molecular 
weights Mw and Mn were equal to 14,100 and 9,800^ 
respectively. As a result of DSC observation, the 
glass transition temperature Tg was found to be 22° C. 

Now, the operation of this embodiment will be 
described bolow. 

As a voltage is applied to the paired electrodes 
3a£^3b, the state of ^orientation of the low molecular 
weight liquid crystal composition 2b is shifted 
(switched) relative to the state of^jorientation of the 
polymer dispersion liquid crystal 2 to modulate light 
being transmitted or reflected there. Different images 
can be displayed by conducting such a modulating 
operation for each pixel. An analog gradation display 
can be realized by controlling the applied voltage. 

Now, the advantages of this embodiment will be 
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discussed -feeing. 

With this embodiment, the matching/mismatching of 
refractive indexes that participate in scattering light 
is controlled by applying a voltage to the electrodes 
5 3a^ 3b to remarkably improve the brightness and the 
contrast of the displayed image. Additionally, with 
this embodiment, since the polymer dispersion liquid 
crystal 2 has a memory property, the displayed image is 
maintained after suspending the application of voltage 

10 to significantly reduce the power consumption rate. 

Meanwhile, when the potential liquid crystal type 
polymeric compound 2a and the low molecular weight 
liquid crystal composition 2b are in a state of 
insufficient phase separation or not in a state of 

15 clear phase separation^ as in^prior art cases, there can 
arise problems of practical use such that the response 
time for a switching operation is very long or 
indiscriminable and/or the device needs to be subjected 
to thermal treatment when it has to be reset to the 

20 initial state. However, this embodiment is free from 

such problems^ because the potential liquid crystal type 
polymeric compound 2a and the low molecular weight 
liquid crystal composition 2b are in a definite state 
of phase separation. 

25 Now, the present invention will be described 

further by examples . 
^Example ijf 
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ompound Al used in this example^/^'. 




CH2=CHCOO(CH 2 )l2e-^^C0 2 ^ ^-0(CH 2)l1 OH ^ 



5 impound A2 used in this example^/i; 



10 



15 



20 



25 




CH2=CHCOO(CH2) 12 (^^ 



,i20H 

pigment used in this examplef ; 
Carbon Black Mogul L available from Cabot. 

Compound Al , compound A2 , fehcr carbon black, 
glycerol, isopropyl alcohol, and distilled water were 
mixed by respective weight portions of 2 , 7, 4, 19, 10 
and 60 in a sand mill to obtain a dispersion type ink, 
which was then filled into the black ink tank of an 
ink- jet printer (type: BJC-430J) available from Canon 
and used for a printing operation conducted on plain 
paper . 

^Example 2^ 

Polymeric compound A3 obtained by means of radical 
polymerization of A2 of Example 1 was used in this 
example. Compound A3, carbon black # glycerol, 

isopropyl alcohol, and distilled water were mixed by 
respective weight portions of 6, 3, 18, 10 and 63 in a 
sand mill to obtain a dispersion type ink, which was 
then filled into the black ink tank of an ink- jet 
printer (type: BJC-430J) available from Canon and used 



o 
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for a printing operation conducted on plain paper. 
^Example 3jf 

Polymeric compound A4 obtained by means of radical 
polymerization of compound Al and compound A2 of 
5 Example 1 at a molar ratio of 1 : 9 was used in this 

example. An ink solution was prepared and tested as in 
Example 2 , although compound A3 of Example 2 was 
replaced by this compound. 
^Results of Printing / /^ 

10 The results obtained by using the inks of Examples 

1 through 3 are listed below. The printed images were 
very clear. The results were functionally evaluated 
and numerically scored. A clear iy printed image that 
was free from feathering and bleeding and showed a high 

15 optical reflection density obtained a high score. The 
images obtained in Examples 1 through 3 were excellent 
and free from the problem of feathering^** compared 
with images printed by using the black dye ink being 
sold with BJC430J type printers. 

20 As a result ofyjvisual evaluation of function, the 

use of the ink of Example 2 and that of the ink being 
sold with BJC430J type printers were classified 
respectively as level 3 and level 1, whereas that of 
Example 1 and that of Example 3 were classified as 

25 level 2 and level 3, respectively. Thus, compounds 

according to the invention wstis proved to be excellent 
dispersants . 
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Examples of dispersive dyes and pigments that can 
be used like the abovq^-Xisted carbon black^ for the 
purpose of the invention are listed below. Dyes 
include C. I. Direct Black 17, IJA 260, C. I. Direct 
Yellow 11, IJR-016, C. I. 42090, whereas pigments 
include carbon blacks^ such as No. 2300, No. 900, MCF 
88, No. 33, No. 40, No. 45, No. 52, MA 7 , MA 8 , #220B 
and MA- 100 available from Mitsubishi Chemical 
Industries, Raven 1255 and Raven 1060 available from 
Columbia Carbon, Regal 3 3 OR, Regal 6 6 OR and Mogul L 
available from Cabot and Color Black FW18, Printex 35 
and Printex U available from DEGUSSA. Color pigments 
that can be used for the purpose of the invention 
include organic pigments^ such as azo type pigments , 
isoindolinone type higher pigments, quinacridone type 
higher pigments, dioxane violet and perynone-perylene 
type higher pigments and inorganic pigments such as 
ultra-marine, Persian blue, titanium yellow and 
molybdenum red. 

According to the invention, there is provided an 
image forming material that is a highly functional and 
highly effective dispersion type ink. 
^Example Atjt^ 

In this example, a transmission type liquid 
crystal panel (liquid crystal device) P x as shown in 
FIG. 2 was prepared. 

The polymeric compound 2a of the polymer 
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dispersion liquid crystal composition 2 of the liquid 
crystal panel of this example was prepared by using 
polymeric compound Al and polymeric compound A2 as 
shown below* Two-frequency drive nematic liquid 
crystal DF01XX available from Chisso was used for the 
low molecular weight liquid crystal composition B. The 
mixing ratio of polymeric compounds Al and A2 and the 
low molecular weight liquid crystal composition B was 
10 : 10 : 80 and 2 , 6-ditert-butyl-4-methylphenol and 
polymerization initiator Irgacure 184 available from 
Ciba Geigy were added at respective ratios of 200ppm 
and 2wt%. 

polymeric compound Al$l 



15 CH2=CHC00(CH2)60-^^C00-^^— 0(CH 2 )nOH . 
polymeric Compound A2^/ 



CH2=CHCOO(CH2)nG-H^ VcOOH 




Now, the method of manufacturing a liquid crystal 
panel P 2 as shown in FIG. 2 will be described below. 

Firsts^ ITO electrodes 3a^4h were formed 
respectively on glass substrates la^*lb and a 2 . lwt% 
solution of polyamic acid that is a precursor of 
poiyimide having monomer unit structures as shown below 
was applied twice on the surface of the substrates by 
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spin coating ^respectively^ for 5 seconds at 500rpm and 
for 30 seconds at l,500rpm. 



— n: 




N-(CH 2 ) 6 - 



n 



10 



15 



20 



25 



Subsequently, the applied solution was dried at 
80° C for five minutes and then heated and baked at 
220° C for an hour to produce orientation control films 



5a^ 5b , which were then rubbed by mcaiibi*!).r nylon cloth 
for a uniaxial orienting treatment 

Thereafter, a predetermined IPA solution (prepared 
by dispersing resin beads 4 at a ratio of 0.01wt%) was 
applied onto the surface of one of the substrates (more 
in detail, onto the surface of the orientation control 
film), or the substrate lb, by spin coating for 10 
seconds at l,500rpm so as to make scattered resin beads 
4 show a dispersion density of 100/mm 2 . 

Then, a thermosetting type liquid adhesive agent 
was applied to the peripheral edges of the glass 
substrate lb by printing and the glass substrates la^w/ 
lb were bonded together in such a way that their 
rubbing axes agree with each other. Thereafter, the 
substrates were heated in an oven at 150° C for 9 0 
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minutes to set the adhesive agent . 

Subsequently, the polymer dispersion liquid 
crystal composition 2 was evenly mixed in an isotropic 
phase condition and the mixture was poured into the gap 
between the substrates at 100° C under atmospheric 
pressure. It was observed through a polarizing 
microscope that the composition had been uniaxially 
oriented in the rubbing direction at 50° C. Under this 
condition, the polymeric compound was exposed to 

(y 

ultraviolet rays showing^center wavelength of 365nm and 
an energy level of about 12mW/cm 2 for five minutes for 
polymerization- As a result, a complete liquid crystal 
panel P ± was produced. 

The rod- shaped low molecular weight liquid crystal 
showed a good phase separation as a result of the 
exposure to ultraviolet rays . When the sample is set 
in the HOT -STAGE (produced by Met tier) and observed by 
a polarizing microscope, the low molecular weight 

OaJ 

liquid crystal material had been turned to* isotropic 
liquid at 120° C y which is equal to or^ higher than the 
temperature at which the rod- shaped low molecular 
weight liquid crystal DF01XX becomes isotropic^ so that 
only the texture of the polymerized polymeric compound 
was observed. Since the extinction was observed 
through the polarizing microscope, it was found that 
the polymeric compound had been uniaxially oriented 
along the rubbing axis. It was also observed through 
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the polarizing microscope that the low molecular weight 
liquid crystal had been uniaxially oriented at room 
temperature. 

An electric signal of 30V fl 60Hz was applied to the 
5 prepared liquid crystal panel V 1 to see its operation. 
As a result, it was found that the liquid crystal 
responded properly. When the application of the 
voltage was suspended, it was found that the response 
of the liquid crystal was stored there to prove the 
10 memory property of the polymer dispersion liquid 
crystal 2. 

The change in the transmittance due to the 
application of the voltage was observed by means of a 
photo-multiplier to find that the transmittance after 

15 the end of the voltage application was 2/3 of the 
transmittance before the voltage application. 

The change in the scattered light of the specimen 
of liquid crystal device of this example was also 
visually observed to find that it can be used as^ photo- 

20 shutter. 

/Comparative Example^ 

A liquid crystal panel same as that of Example 4 
was prepared except that the polymeric compounds Al and 
A2 were replaced by polymeric monomer a having a 

25 structure as shown below and the mixing ratio of the 

polymeric monomer a to the low molecular weight liquid 
crystal composition B was mado oqual ty 20 : 80. 
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CH 2 = CHCOO(CH 2 ) 6 0 - Ph - COO - Ph - OC 6 H 13 

An electric signal of 30V^ 60Hz was applied to the 
prepared liquid crystal panel to ^e^iJbs operation by 
means of a polarization microscope. As a result, it 
was found that the liquid crystal had showed a non- 
scattered state, but quickly restored the state before 
the application of the voltage (non- scattered state) 
and it did not show any memory property at all. 

The change in the transmittance due to the 
application of the voltage was observed by means of a 
photo-multiplier to find that the ratio of the 
transmittance after the end of the voltage application 
to the transmittance before the voltage application was 
1.0. 

1 5 ^fexample sjjf 

In this example, a liquid crystal panel (liquid 
crystal device) P 2 as shown in FIG. 3 was prepared by 
using a mixing ratio of polymeric compounds Al and A2 
and the low molecular weight liquid crystal composition 
20 B was 10 : 10 : 80 andy^riethylamine was added by 

1.5wt% to the mixture. Otherwise, the method used for 
preparing the specimen of Example 4 was used. 

The response of the liquid crystal was observed 
through a polarizing microscope by applying a voltage 
25 to it as in the case of Example 4 to prove the memory 
property of the device. 

The change in the transmittance due to the 
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application of the voltage was observed by means of a 
photo-multiplier to find that the transmittance after 
the end of the voltage application was 10/17 of the 
transmittance before the voltage application. 
5 When an electric signal of 30V^ 100kHz (which is a 

frequency that switches the two-frequency drive type 
liquid crystal to the homogeneous direction) is applied 
to the cell, the liquid crystal^ restored^ the original 
state. It was found that the liquid crystal device can 

10 .be used asyj optical shutter. 
y^Example sjf^ 

In this example, a cross -linking monomer A3 having 
a structure as shown below was used in addition to the 
polymeric compounds Al and A2 and the low molecular 

15 weight liquid crystal composition B of Example 4. 




{CH2=CHCOOCH2CH(OH)CH20 — £ }— }2C(CH3)2 



20 The materials Al , A2 , A3 and B were mixed to a 

mixing ratio of Al : A2 : A3 : B = 7 : 7 : 6 : 20 and Q/ 
triethylamine was added by 1.0wt% to prepare polymer 
dispersion liquid crystal 2. 

Otherwise, the method used for preparing the 
25 specimen of Example 4 was used. 

The response of the liquid crystal was observed 
through a polarizing microscope by applying a voltage 
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to it as in the case of Example 4 to prove the memory 

property of the device. 

The change in the transmittance due to the 

application of the voltage was observed by means of a 

5 photo-multiplier to find that the transmittance after 

the end of the voltage application was 10/18 of the 

transmittance before the voltage application. 

It was found that the liquid crystal device can be 
OAs/ 

used as^ optical shutter. 

10 A liquid crystal device according to the invention 

comprises one or more than one potential liquid crystal 
type polymeric compound^ and a low molecular weight 
liquid crystal composition in a state of phase 
separation relative to each other and the liquid 

15 crystal responds to a voltage applied to it by way o€ a 
pair of electrodes and stores its response after the 

suspension of the voltage. Therefore, it koopo on 

n .3 OAS \JUfl \J$lfa#Lt Vtf£ot&* ttf&Ut* 

displaying - the image^ af tor cuo^cndiny r LlAU^fpyliuaLiuii 

of the voltaga to reduce the^power consumption rate . 
20 Additionally, since the state of phase separation 

of the device is perfect, it is free from the drawbacks 

of known polymer dispersion liquid crystal devices. 

Still additionally, with a liquid crystal device 

according to the invention, switching of light can be 
25 realized without using a polarization panel to reduce 

the cost j because scattering of light is controlled in 

the device . 



Thus, as described above, according to the 
invention, it is possible to provide, higl^^uality ink 

A 

to be used for ink- jet printers by using compounds and 
polymeric compounds according to the invention. It is 
also possible to provide a polymer dispersion liquid 
crystal device having a memory property. 
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WHAT IS CLAIMED IS: 

1 . A compound having a partial structure 
expressed b^ general formula (1) below ; 

A-B-D-(^G) e -(J) r K-L (1), 
5 where A represents an acrylic group or a methacrylic 

group, B represents a single bond or an alkyl group, D 
represents a single bond, -O- , -COO- or ~OCO- , E 
represents an aromatic ring or an aliphatic ring that 
may or may not be Substituted and may be identical with 

10 or different from ea^h other when e is not smaller than 
2, G represents a sirigle bond, -O- , -COO-, -OCO- , - 
CH=CH- or -C=C- that nW be identical with or different 
from each other when e \s not smaller than 2 , J 
represents an aromatic ring or an aliphatic ring that 

15 may or may not be substituted and may be identical with 
or different from each otheir when j is not smaller than 
2, K represents a single bonoy -O- , -COO- or -OCO- , L 
represents an alkyl group or a \polyoxyalkylene group 
having a substituted OH or COOH at a end or a side 

20 chain, e represents an integer from 0 to 5 and j 

represents an integer from 0 to 5, a + j being not 
smaller than 2 . \ 

2 . A polymeric compound having two or more than 
25 two monomer unit structures, each being expressed by 

general formula (2) below; \ 

A , -B-D-(E-G) e -(J) j -K-L \i ( 2 ) , 
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wheis^ A 1 represents a monomer unit of polyacryl or 
polymWthacryl , B represents a single bond or an alkyl 
group, E> represents a single bond, -O- , -COO- or -OCO- , 
E represents an aromatic ring or an aliphatic ring that 
may or may Vot be substituted and may be identical with 
or different Vrom each other when e is not smaller than 
2, G represents\a single bond, -O- , -COO- , -OCO- , - 
CH=CH- or -C=C- t\at may be identical with or different 
from each other wheri e is not smaller than 2 , J 
represents an aromatici ring or an aliphatic ring that 
may or may not be substituted and may be identical with 
or different from each other when j is not smaller than 
2, K represents a single bortd, -O- , -COO- or -OCO- , L 
represents an alkyl group or ekpolyoxyalkylene group 
having a substituted OH or COOHNat a end or a side 
chain, e represents an integer from 0 to 5 and j 
represents an integer from 0 to 5 r ev + j being not 
smaller than 2 . \ 

3. A composition containing at leask a compound 
according to claim 1. \ 

4. An image forming material containing a*t least 
a compound according to claim 1 . V 

5 . An image forming material according to claimV 
4, further containing water as principal solvent. 
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6. \ An image forming material according to claim 
4 , f urtheV containing a pigment . 

7 . A method of forming an image by using an image 
forming material according to claim 6, comprising 
ejecting the image forming material from an image 
forming material Vjecting section of an ink-jet system 
and applying it to Vn image forming medium for forming 
the image thereon . \ 

8. An image forming, method according to claim 7, 
wherein the image forming Material is ejected by 
applying thermal energy to skid image forming material. 

9 . An image forming apparatus utilizing an image 
forming method according to claim y. 

10. A liquid crystal device comprising: 

a pair of substrates provided respectively with 
electrodes and a liquid crystal composition containing 
at least a compound according to claim 1 arranged 
between said substrates. \ 

11. A liquid crystal device according to ciaim 
10, wherein said composition contains a polymeric \ 
compound according to claim 2 and a low molecular \ 
weight liquid crystal compound. \ 
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12. AVLiquid crystal device according to claim 
11, wherein steid low molecular weight liquid crystal 
compound changes its direction of orientation when a 
voltage is applited between said electrodes and 

5 substantially maintains the direction of orientation 
after suspending the\voltage application. 

13. A liquid crystal device according to claim 
11, wherein said low molemilar weight liquid crystal 

10 compound is a nematic liquik crystal. 

14. A liquid crystal devifce according to claim 
13, wherein said nematic liquid cVystal is a two- 
frequency drive type liquid crystal^ 

15 \ 



15. A liquid crystal device according to claim 
13, wherein it scatters light when a voltagk is not 
applied thereto. \ 
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ABSTRACT OF THE DISCLOSURE 

A compound or a polymer thereof promises an 
advantageous use for an ink- jet ink or a polymer 
dispersion liquid crystal display. The compound has a 
5 structure represented by the formula 
A-B-D- (E-G) e - ( J^-K-L 
where A represents an acrylic or methacrylic group, B 
represents a single bond or an alkyl group, D 
represents a single bond, -O- , -COO- or -OCO- , E 

10 represents an aromatic or aliphatic ring that may be 
substituted or not substituted and may be identical 
with or different from each other when e is not smaller 
than 2, G represents a single bond, -O- , -COO-, -OCO-, 
-CH=CH- or -C=C- that may be identical with or 

15 different from each other when e is not smaller than 2, 
J represents an aromatic or aliphatic ring that may be 
substituted or not substituted and may be identical 
with or different from each other when j is not smaller 
than 2, K represents a single bond, -O- , -COO- or -OCO- 

20 , L represents an alkyl group or polyoxyethylene group 
having a substituted OH or COOH at a end or a side 
chain, e represents an integer from 0 to 5 and j 
represents an integer from 0 to 5, e + j being not 
smaller than 2 . 



